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1. Introduction
  Malaria is the most important vector-borne disease 
in the world. The global strategy adopted by the World 
Health Organization (WHO) recommended an integrated 
management of the disease, including selective vector 
control[1]. Pyrethroids are currently the only group of 
insecticides advocated for the impregnation of mosquito 
nets due to their rapid knock-down effects and high 
insecticidal potency at low dosages combined with relative 
safety for human contact, domestic handling and their low 
mammalian toxicity[2-4]. Recently, WHO recommended 
different long-lasting insecticidal mosquito nets for malaria 
control[5]. Pyrethroid-impregnated nets have an impact on 
reducing morbidity and mortality of malaria. If the coverage 
is good, they also provide community protection by 
significantly reducing the vector population[6-8]. Bed nets 
in perfect condition can prevent 90% of bites. Incorporation 
of pyrethroids into conventional netting fibers (polyester, 
polypropylene) facilitates access of many net producers to 
the long lasting treatment technologies. The recommended 
concentration depends on the texture of net. Advantages of 
insecticide-treated bed nets (ITNs) are to improve personal 
protection and the rational use of insecticide. Improvements 
in insecticide application techniques have resulted in 
long lasting impregnated nets (LLINs) with very high wash 
resistance. Advantages of LLINs can be categorized as 
ready to use, dirt-repellent net, long-lasting efficacy, and 
high durability to washing and wide mesh size to provide 
good airflow. Long lasting treatment technologies are also 
being developed to produce repellent clothing for outdoors 
personal protection against blood sucking arthropods. 
LLINs may supplement or replace ITNs or indoor residual 
spraying (IRS) when these tools cannot be used. The 
WHO recommends the increased use of ITNs as one of the 
Objective: To evaluate relationship between毩-cypermethrin residues in Interceptor®  nets by 
using HPTLC methods and mortality percentage in standard WHO's method "cone test" after 
repeated washings. Methods: Interceptor® containing 毩-cypermethrin was provided by BASF 
Company. The washing procedure and bioassay tests were carried out according to the WHO-
recommended methods. Malaria vector, An. stephensi was exposed to impregnated bed net for 
three minutes and then mortality measured after 24 hour recovery period.  Chemical analysis 
was carried out in chemical laboratory by using high performance thin layer chromatography 
method. Results: Result of cone bioassay method showed that washing reduced the efficacy of 
Interceptor® bed net from 100% in unwashed nets to 15% at 20 washes. After 20 washes, nets 
contain (61.2依2.8) mg/m2 resulting 15% mortality in cone test. Killing activity was reduced 
when nets were washed. Conclusions: Results will provide an essential clue for monitoring and 
evaluation of bioefficacy of any long lasting impregnated bed net for quality control. Findings 
of this study will be useful for WHO, local investigators and people who wish to use pyrethroid-
impregnated bed nets for malaria vector control. 
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strategies to reduce the burden of malaria in Africa during 
the initiation of the global campaign against malaria, which 
was named as the roll back malaria (RBM).
  Iran has been classified in to four different strata according 
to the epidemiology of disease[9]. A total of 11     000 malaria 
cases had been reported in Iran in the last year. The 
disease is a major health problem in south-east of Iran. 
It is unstable with two seasonal peaks mainly in spring 
and autumn. Outbreaks usually occur after rainy season. 
South-eastern of Iran includes the provinces of Sistan & 
Baluchistan, Hormozgan and the tropical areas of Kerman 
provinces are characterized by “refractory malaria”[10]. 
Malaria remains a major public health problem in these 
areas where about 80% of all malaria cases in the country. 
In this part of the country six anopheline mosquitoes 
including An. culicifacies, An. stephensi, An.dthali, 
An.fluviatilis, An.superpictus and An.pulcherrimus are 
known as the malaria vectors[11-35]. According to the 
national strategic plan sponsored scheme supported by 
Global Fund, the LLINs are recommended for malaria 
control purposes, their performance should be monitored 
in the field under various ecological settings to assess 
their durability and long-term effectiveness for malaria 
prevention and control. Strategic plan of each country 
should be carefully designed to preserve the effectiveness 
of this method of control.
  Interceptor® net is an 毩-cypermethrin long-lasting 
insecticidal (coated) mosquito net (LN) manufactured by BASF 
Company (Germany) with the target dose of 200 mg/m2 of the 
polyester fabric. Silica gel column chromatography is a good 
method for fractionating active extracts if the compounds 
have a low to medium polarity. We have preferentially used 
this technique in most of our bioassay-guided fractionation. 
To this end, a coarse fractionation is first done using a 
system of solvents with increasing polarity, and the collected 
fractions are examined by thin-layer chromatography 
(TLC). Fractions with similar TLC patterns are combined 
and monitored by antimalarial tests. Active semi purified 
fractions are further subjected to a more refined column 
chromatography.
  Applied objectives of current research were to examine the 
efficacy and to find sensitivity and calibration of different 
bioassay tests for Interceptor® (LLINs). Applied objectives 
of current research were to examine the bioefficacy of 
Interceptor® (LLINs) and to compare the bioassay test 
against main malaria vector, An.stephensi, with the analytical 
method for future use. 
2. Materials and methods
2.1. Preparation of net samples
  Interceptor® is a long lasting insecticidal mosquito net 
where the insecticide is mixed in a resin coating the netting 
fibers so that the insecticide is progressively released from 
the resin and the net retains efficacy after repeated washings. 
The 毩-cypermethrin Interceptor® (LLINs) was provided 
by BASF chemical company, Ludwigshafen, Germany. This 
polyester mosquito net was 100 deniers. Mosquito net were 
industrially treated with 毩-cypermethrin EW (200 mg/m
2) 
by the manufacturer. One piece (25 cm×25 cm) of the net was 
cut for cone bioassay before and after every washing (e.g. 0×, 
1×, 2×, 3×, 6×, 8×, 15×, 20×washes). Another net was left untreated 
as negative control. One piece of 25 cm×25 cm was also used for 
cone bioassay. 
2.2. Washing procedure
  This procedure is recommended by WHO[36]. Net samples 
(25cm×25cm) were individually introduced into 1 liter 
beaker containing 0.5 liter deionized water with 2 g/L soap 
“Le chat”(added and fully dissolved just before introduction 
of net sample). Beaker was immediately introduced into a 
water bath at 30 曟 and shaken for 10 minutes at 155 rounds 
per minutes. The samples were then removed and rinsed 
twice for 10 minutes in clean, deionized water in the same 
shaking conditions as stated above. Net was dried at room 
temperature and stored at 30 曟 in the dark between washes. 
The detergent was supplied by the Institut de Recherche 
pour le Development, Montpellier Cedex 1, France.
2.3. Mosquito rearing
  The non-blood fed, 2-3 days old susceptible female 
An. stephensi (BEECH strain), susceptible to all pyrethroids, 
were reared in the insectary at the School of Public Health 
& Institute of Health Research, Tehran University of 
Medical Sciences. They were employed for all experiments. 
2.4. Conical bioassay
  1 to 3 days after treatment of the netting materials and 24 
hour after each washing, the netting sample were subjected 
to standard WHO bioassays. Two 25 cm×25 cm Plexiglas 
sheets with a thickness of 2 mm and 3 temporary joints 
made by scotch tape were used for the tests, and which 
had 4 circular holes with a diameter of 9 cm and the 
distance between holes was 3 cm, the edge of the sheet 
was 2 cm.  Four WHO plastic cones were completely fitted 
to the Plexiglas sheets. A 25 cm×25 cm net sample was 
placed on the one side of Plexiglas sheet and the 4 cones 
were set on the net. The Plexiglas sheets, interceptor or 
untreated polyester net and 4 cones were clipped to prevent 
mosquitoes escaping from edge of cones. Mosquitoes were 
exposed to netting samples for 3 minutes after which they 
were held for 24 h with access to 10% sugar solution. Four 
cones were gently fitted on the net. A net flap was made 
inside the cone to reduce the chance of mosquitoes resting 
on the cone instead of on the treated net. Five female 
mosquitoes were introduced in each cone with appropriate 
replicates per net sample. In cone bioassays, five mosquitoes 
were introduced into a cone at one time. 20 other batches of 
each mosquito were exposed to netting from untreated nets 
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as control. Time interval between each set of a “4 cone” 
was as brief as possible. Mosquitoes from the first 4 cones 
were tested and grouped in one plastic cup (total of 20). 
At least 100 mosquitoes were tested on a 25 cm×25 cm net 
sample[36,37].
2.5. Test conditions
  The tests were conduced under artificial light (4 florescent 
lamps) at optimal condition of (28±1) 曟 and (70±10)% RH. 
When the observed mortality rate was between 5% and 20%, 
it was corrected by using Abbott’s formula. When mortality 
among control groups exceeded 20%, the procedure 
was repeated for the whole batch of treated and control 
mosquitoes.   
2.6. Chemical analysis
  10 cm2 pieces of interceptor® bed net was cut and kept 
at 8 曟 appropriately for assuring the preservation and 
determining the residue of  毩-cypermethrin in bed net. 1 mL 
pure acetone was added to the vials containing 10 cm2 pieces 
of bed net. The vials were sealed and the 毩-cypermethrin 
of bednets pieces was extracted by 10 minutes shaking 
and then allowed to stand 1 hour before analysis. The spotting 
on a silica gel containing aluminum plate was performed by 
an applicator and capillary. Volume of each spot was 5 毺L. 
The distance between spots was 1 cm. The standard 
毩-cypermethr in  o f  10 mg was  purchased f rom 
Accustandard Company. 
  For spotting the samples, the multiple level methods were 
used. In this method, some different concentrations or 
different volumes of a standards concentration are used for 
spotting the standard sample. After spotting and drying the 
spots, the ready plate was put inside the chamber tank. The 
mobile phase solvent used was n-hexane-ethyl acetate. 
This was poured into the tank and the ready plate was put 
in it after saturation of tank. Then, plate was exited of the 
tank. After drying, spots were observed in UV cabinet by 
florescence light with 254 nm Wavelength. Finally, the 
spots were scanned by TLC Scanner 3 (CAMAG), using CATS4 
software[38-40]. EXCELL was used for plotting lines.
                                                                                                                                                      
                                                                                                                                                   
3. Results
  The results of bioassay test of Interceptor® against 
An.stephensi as well as the residue of 毩-cypermethrin 
using analytical method is shown in Table 1. The results 
show that the mortality of non-washing was 100% and the 
concentration of 毩-cypermethrin was (211.1±27.2)mg/m
2. 
The complete mortality was observed even in 3 washes with 
the 毩-cypermethrin concentration of (140.5±23.1) mg/m
2. 
The mortality decreased from 100% in unwashed net to 
15% after 20 washes. After 20 washes the nets contained 
(61.2±2.8) mg/m2 resulting 15% mortality in cone test. Killing 
activity was reduced when nets were washed.    
 
                                                                                                   
4. Discussion
  The present study determined the efficacy and wash-
resistance of pyrethroid net named Interceptor® (LLINs 
impregnated with 毩-cypermethrin with the target dose 
of 200 mg/m2) using cone bioassay method. Result of 
cone bioassay method on net revealed 100% mortality on 
unwashed net until 3 washes. In contrary, after three washes, 
the mortality was decreased from 100% to 97.5% in cone test. 
Our result shows that around 1, 2, 3, 6 washings with “Le 
chat” soaps, the biological efficacy of Interceptor® against 
laboratory-bred mosquitoes were similar to unused and unwashed 
nets. After 20 washes nets contain (61.2±2.8) mg/m2 resulting 15% 
mortality in cone test. Killing activity was reduced when 
nets were washed.    
  The wash resistance and efficacy of different pyrethroid 
impregnated nets were evaluated under laboratory and field 
conditions against different mosquitoes worldwide[41-59]. 
Results of bioassay in different parts of the world are varying. 
This difference was due to formulation of insecticide, 
type of insecticide, mosquito species, susceptibility level 
of mosquito, the time of exposure, texture of bed net and 
type of tests. In a filed trail in Liberia, a total of 398 nets 
were analyzed for residual 毩-cypermethrin using High 
Performance Liquid Chromatography (HPLC). The median 
baseline concentrations of insecticide were 175.5 mg/m2 for 
the Interceptor® LLIN. Chemical residue loss after a one year 
follow-up period was 22%. This field study demonstrates 
that nets treated with alpha-cypermethrin are well accepted. 
Interceptor® LLINs are tested as not only desirable, but 
also effective in reducing the burden of malaria when used 
correctly and supported with targeted information, education 
and communication in rural communities[60]. Large-scale 
field studies of Interceptor® and conducted at the hut and 
filed circumstances in the country are required and essential 
to confirm its long lasting efficacy, longevity and fabric 
integrity.
Table 1
Mortality of An.stephensi exposed to Interceptor® nets by conical test 






  (mg/m2) 
  0 100.0   211.1±27.2
  1 100.0   191.1±12.4
  2 100.0   167.8±16.3
  3 100.0   140.5±23.1
  6 97.5±1.0   118.6±19.1
  8 88.8±2.2 115.2±8.9
15 72.5±3.2   90.6±8.4
20 15.0±2.5   61.2±2.8
Data are expressed as mean±SE.               
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